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FOREWORD 


This  Appendix,  prepared  as  a supplement  to  final  report  NADC-77183-30 
dated  December  1976,  presents  results  of  static  and  fatigue  tests  of 
a graphite/epoxy  wing  box  structure  designed  and  fabricated  by  the 
Columbus  Aircraft  Division  (CAD)  of  Rockwell  International  Corporation 
under  contract  N62269-74-C-0577 .'  These  tests  were  conducted  by  the 
Navy  at  the  Naval  Air  Development  Center,  Warminster,  PA.  during  the 
period  August-September  1978,  Static  loads  to  1507.  of  design  limit 
load  for  the  critical  carrier  based  landing  condition  were  applied 
to  the  composite  wing  box  structure  followed  by  a two  lifetime  fatigue 
spectrum  loading  with  no  evidence  of  structural  damage  or  deformation. 
Descriptions  of  the  test  setup,  applied  loadings,  strain  gage  data, 
deflection  transducer  data,  and  comparisons  of  predicted  vs  recorded 
strain  and  deflection  measurements  are  presented. 
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INTRODUCTION 


This  Appendix  presents  results  of  static  and  fatigue  tests  of  a graphite/ 
epoxy  wing  box  structure  designed  and  fabricated  by  the  Columbus  Aircraft 
Division  (CAD)  of  Rockwell  International  Corporation  under  contract 
N62269-74-C-0577 . These  tests  were  conducted  by  the  Navy  in  the  structural 
test  facility  located  at  the  Naval  Air  Development  Center,  Warminster,  PA. 
Static  loadings  to  1507.  of  design  limit  load  were  completed  on  9 August 
1978  with  no  evidence  of  structural  damage  or  permanent  deformation. 

These  static  load  tests  were  followed  by  a two-lifetime  fatigue  spectrum 
loading  which  was  completed  on  20  September  1978  with  no  evidence  of 
damage  or  deformation  of  the  composite  wing  box  structure. 

Setup  and  performance  of  test  operations  were  accomplished  under  the  di- 
rection of  J.  J.  Minecci,  test  director,  and  Ralph  Vining,  test  engineer 
of  NADC.  The  NADC  project  engineer  for  the  XFV-12A  composite  wing  box 
evaluation  was  M.  S.  Rosenfeld.  All  or  portions  of  this  series  of  tests 
were  witnessed  by  the  above  listed  personnel  and  by  Dr.  S.  L.  Huang  of 
NADC  and  D.  N.  Ulry  of  the  Columbus  Aircraft  Division  (CAD). 

C-2  DESCRIPTION  OF  TEST  ARTICLE 


The  composite  wing  structure  consists  of  a graphite/epoxy  wing  box  section 
approximately  88  inches  long,  80  inches  wide  and  12  inches  thick.  The 
test  specimen,  illustrated  in  Figures  C-l  through  C-5,  is  representative 
of  a section  of  the  XFV-12A  main  wing  box  structure  extending  from  the 
centerline  of  airplane  outboard  beyond  the  mid-span  of  the  wing.  The 
test  box  structure  is  representative  of  all  aspects  of  an  actual  wing 
structure  including  provisions  for  internal  fuel  and  wing  to  fuselage 
attachment  fittings. 

Construction  of  the  composite  wing  box  structure  is  described  in  detail 
in  the  NADC-77183-30  final  report  and  contains  the  following  salient 


features : 

(1) 

Honeycomb  sandwich  cover  skins 
face  sheets  and  glass/phenolic 

consisting  of  graphite/epoxy 
honeycomb  core. 

(2) 

Honeycomb  sandwich  front  and  intermediate  spars. 

(3) 

Solid  graphite/epoxy  laminate 

B.P.  33  rib. 

(4) 

Aluminum  rear  spar,  centerline 
attachment  fittings. 

rib  and  wing/fuselage 

(5) 

Adhesively  bonded  lower  cover  skin  to  spar  attachment 
and  mechanically  fastened  upper  cover  to  sub  structure 
attachment . 
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C-2  DESCRIPTION  OF  TEST  ARTICLE  (Cont'd.) 

Structural  test  provisions  built  into  the  wing  box  test  section  include 
bolting  attachments  integral  with  the  aluminum  center  line  rib  as  shown 
in  Figure  C-4  and  steel  tip  loading  plates  as  shown  in  Figure  C-5. 

The  actual  XFV-12A  wing  is  bolted  to  the  fuselage  with  a three  point 
attachment  as  shown  in  Figure  C-6  with  one  front  spar  attachment  at 
the  centerline  of  the  airplane,  one  L.H.  and  one  R.H.  rear  spar 
attachment  at  B.P.  33.93.  For  the  purpose  of  this  test  a L.H.  portion 
of  the  wing  box  was  rigidly  supported  along  the  centerline  rib  and 
loads,  as  determined  from  a NASTRAN  analysis  representing  the  test 
box  specimen  and  structural  test  restraints,  were  applied  at  the 
outboard  end  of  the  specimen.  Statically  determinate  wing/fuselage 
attachment  loads  were  applied  at  the  B.P.  33.93  aft  wing/fuselage 
attachment  fitting.  Figures  C-7  and  C-8  present  a summary  of  the 
differences  in  stress  distributions  in  the  upper  and  lower  cover 
skins  as  determined  from  the  NASTRAN  analysis  of  the  actual  wing 
attachment  provisions  versus  the  test  article  restraint  conditions. 

The  small  percentage  of  difference  determined  in  this  analysis  verifies 
the  rationale  and  economy  of  constructing  only  a L.H.  portion  of  the 
wing  box  for  full  scale  structural  testing. 
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The  composite  wing  box  test  specimen  was  mounted  approximately  ten  feet 
above  the  floor  of  the  structural  test  laboratory  with  the  wing  reference 
plane  parallel  to  the  plane  of  the  floor  as  shown  in  Figure  C-ll  and  C-12. 

In  this  setup  the  centerline  root  rib  was  securely  bolted  to  a series  of 
vertical  I-beams  to  provide  the  basic  cantilever  support  for  the  test 
specimen.  Twelve  hydraulic  actuator  jacks  were  used  to  apply  the  test 
loads  specified  in  paragraph  C-3.  Six  actuators  mounted  parallel  to  the 
wing  reference  plane  (three  above  the  specimen  and  three  below  the  speci- 
men as  shown  in  Figure  C-13)  applied  moment  load  to  the  tip  loading  fixture. 
Load  from  these  actuators  was  reacted  at  the  root  support  beams. 

Four  actuators  (number  7,  8,  9,  10)  applied  vertical  shear  load  & torque  to 
the  tip  loading  fixture  and  one  actuator  (number  11)  applied  drag  load  to 
the  tip  loading  fixture  as  shown  in  Figure  C-14.  One  actuator  (number  12) 
was  used  to  apply  the  specified  vertical  and  drag  load  at  the  B.P.  33.93 
wing/fuselage  attachment  fitting.  Figure  C-15  presents  dimensions  of 
the  tip  moment  loading  beams.  Figures  C-16  and  C-17  show  forward  and 
aft  views  of  the  overall  test  setup.  All  actuators  and  loading  fixtures 
were  counterbalanced  for  1G  dead  weight. 


C-4-2 


Strain  Gage  Locations 


Axial  and  rosette  strain  gages  were  located  it  selected  locations  on  the 
wing  box  cover  skins  and  spars  as  shown  in  Figure  C-18.  Graphite/epoxy 
cover  skj,n  strains  were  measured  with  rosette  gages  at  twelve  locations 
(gages  (T)  through  ) on  the  upper  and  lower  mold  line  surfaces  of  the 
wing  box  as  specified  in  Figure  C-18.  Rosette  gages  were  also  located 
on  the  inner  cover  skin  surfaces  at  gage  locations  (T)  and  (3).  The  "A" 
leg  of  these  rosette  gages  was  mounted  parallel  to  the  rear  spar  plane 
with  the  exception  of  gage  (£2)  which  was  mounted  parallel  to  the  front 
spar  plane. 


OUTB’D 


2,106,?57"#(UP-BENtlNG) 


3000# 


153,456"#  (NOSE  UP)  22,884# 

(MAX.  OPERATIONAL  LOADS  SHOWN) 

= 1507.  D.L.L. 

NOTE.  Loads  @ R.S.  Sta.  79.54  are  in  R.S.  Sta.  79.54  plane  and  are  located 

(?  intersection  of  W.R.P.  and  aft  inter,  spar  plane.  Aft  wing-to-fuselage 
attach  loads  @ Pt.  "0"  are  in  Fuse.  Ref.  System. 


Figure  C-9  Maximum  Vertical  Landing  Condition  Test  Loads 
(Ultimate  Loads) 
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INBOARD 


7500# 


4461# 


5923# 


1 


VIEW  LOOKING  INBOARD- 


R.S.  Sta. 


7243#  VIEW  LOOKING  DOWN 7868# 


Loads  applied  to  wing  at  R.S.  Station 
79.54  as  shown.  R.H.  rule  applies  for 
moments  acting  on  structure. 


Note:  R.S.  Sta.  79.54  loads  to  be  applied 
to  TT-18636  test  fixture  lugs. 


Figure  C-10  Distribution  of  R.S.  Sta.  79.54  Test  Loads  - 

Maximum  Vertical  Landing  Condition  (Ultimate  Loads) 
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Figure  C-ll  View  Looking  Forward  (?  Test  Setup 
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C-4-2  Strain  Gage  Locations  (Cont'd.) 

Gages  (l3j  through  (17)  are  rosette  gages  located  on  the  webs  of  the 
front  spar,  aft  intermediate  spar  and  aluminum  rear  spar. 

Gage  locations  /18)  , (19)  , and  20'  are  axial  gages  mounted  on  the 

upper  and  lower  caps  of  the  aluminum  rear  spar  and  aluminum  rear  spar 
splice  joint. 

Gage  locations  21,  and  22)  are  axial  gages  mounted  on  the  upper  and 
lower  caps  of  the  aluminum  centerline  rib  splice  plate. 

C-4-3  Deflection  Transducer  Locations 

Vertical  deflections  of  the  lower  surface  of  the  wing  box  relative  to  a. 
ground  plane  were  measured  at  nineteen  locations  (transducer  1 through 
(L9  ) as  shown  on  Figure  C-19.  Measurements  were  obtained  with  deflection 
transducers  attached  by  wires  to  small  blocks  bonded  to  the  lower  cover 
which  are  visible  in  the  photo  of  Figure  C-12. 

Rotation  at  the  tip  of  the  wing  box  structure  along  the  chord  of  R.S. 

Sta.  79.54  was  measured  with  twelve  deflection  transducers  (transducer 
20  through  32  ) mounted  to  the  tip  loading  fixture  as  shown  in 
Figure  C-20. 

Rotation  of  the  root  support  was  measured  with  deflection  transducers 
(transducers  32  through  35  ) located  at  the  front  and  rear  spar 

junction  with  the  centerline  rib.  Root  rotation  was  determined  by 
measurement  of  the  inboard-outboard  movement  at  the  end  of  tubes 
bonded  to  the  upper  and  lower  surfaces  of  the  root  rib.  Deflections 
were  measured  at  points  fifteen  inches  above  and  below  the  wing 
reference  plane. 

C-4-4  Load  Application  and  Data  Collection 

All  loads  were  applied  with  computer  programmed  commands  to  the  hydraulic 
loading  jacks  and  monitored  with  continuous  feed  back  from  the  corresponding 
load  cells.  Each  of  the  twelve  loading  jacks  were  balanced  to  within  one 
percent  of  the  prescribed  load  level  at  each  increment  of  load  prior  to 
recording  strain  and  deflection  measurements.  Approximately  145  channels 
of  strain  and  deflection  data  were  recorded  on  magnetic  tape  and  printed 
on  paper  tape  while  holding  load  at  each  loading  increment.  Transducers 
indicating  locations  of  peak  strain  and  deflection  were  manually  monitored 
at  each  loading  increment  for  any  evidence  of  non-linear  behavior. 
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for  bending  deflection 


for  bending  rotaticn 


/// 
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NOTES > 

1 All  deflection  transducers  are 
located  on  front  spar,  rear  spar 
or  Inter,  spar  lines  and  are 
located  at  NASTRAN  node  points. 


R.S.  Sta.  79.54 


R.S.  Plane 


Aft  Inter. 


Fwd^ Inter. 
Spar  Plane 


F.S.  Plane 


♦Attach  to  I-Beams  used  for  bending  moment  application 


FIGURE  C-19 
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C. 5 STATIC  TEST  RESULTS 


C.5.1  Strain  and  Deflection  Measurements 


Static  test  loadings  to  1007,  of  design  limit  load  were  completed  on  8 August 
1978  and  static  test  loadings  to  1507,  of  design  limit  load  were  completed  on 
9 August  1978. 

Strain  and  deflection  measurements  for  the  1007.  load  test  are  presented  in 
Table  C.l.  Loading  increments  for  this  test  were  0,  10,  20,  30,  40,  50, 

60,  70,  80,  90,  100,  80,  60,  40,  20,  0 percent  of  limit  load.  Channel 
numbers  are  assigned  to  each  strain  gage  leg  as  indicated  in  the  table. 

Strain  gage  numbering  code  is  as  follows: 

1 AU  denotes  strain  gage  location  1 (Ref.  Fig.  C-18) 

° "A"  leg  of  strain  gage  (Ref.  Fig.  C-18),  Outer 
surface  of  upper  skin 

5 BL.  denotes  strain  gage  location  5 "B"  leg  of  strain 
gage,  Inner  surface  of  lower  skin 

Strain  and  deflection  measurements  for  the  1507.  load  test  are  presented  in 
Table  C-2.  Loading  increments  for  this  test  were  0,  20,  40,  60,  80,  100, 

110,  120,  130,  140,  150,  140,  120,  100,  80,  60,  40,  20,  0 percent  of  limit 
load. 

Exceptional  linearity  and  repeatability  of  strains  and  deflections  are  evident 
in  both  the  1007.  and  1507.  load  test  data.  Plots  of  the  maximum  reading  cover 
strain  gages  (Gage  1 AU  and  Gage  2 AU  ) and  the  peak  deflection  gage  (Trans- 
ducer 1 ) are  presente8  in  Figures  C-2l  and  C-22  respectively.  These  plots 
show  consistent  linearity  throughout  the  entire  range  of  loadings  from  0 to 
1507..  These  plots  also  show  the  repeatability  of  the  strain  and  deflection 
behavior  between  the  1007.  and  1507.  load  test  applications.  The  1507.  D.L.L. 
strains  for  Rosette  Gage  1U  resulted  in  the  highest  recorded  laminate  normal 
principal  stress.  This  peak  stress  value  was  -32,644  psi  which  compared 
favorably  with  the  35,000  psi  maximum  design  goal  mutually  agreed  upon  by 
Rockwell  and  the  Navy  program  monitor  as  a conservative  stress  limit  to  account 
for  environmental  degradation  and  material  property  scatter  effects  which 
might  be  encountered  in  a production  aircraft  fleet. 

Table  C-3  presents  a comparison  of  all  strain  gage  readings  at  1007.  limit 
load  as  taken  from  the  strain  data  of  Tables  C-l  and  C-2.  This  comparison 
shows  that  the  strain  measurements  recorded  during  9 August  1978  test 
loadings  were  essentially  identical  to  those  taken  during  the  8 August 
test  loadings  at  all  strain  gage  locations. 

Figures  C-23  and  C-24  present  overall  views  of  the  upper  and  lower  cover 
skin  and  rear  spar  cap  strains  at  1507.  D.L.L. 
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7.  LIMIT  LOAD 

Wing  Box  Upper  Cover  Rosette  Gage  Reading  Vs.  7.  Limit  Load 
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TABLE  C-3 


COMPARISON  OF  WING  TEST  BOX  RECORDED  STRAINS  @ 1007.  LIMIT  LOAD 


Max  vertical  landing  cond.  1007.  Lim.  Ld.  Run  A 1507.  Lim,  Ld.  Run 
values 


Wing  Upper  Cover  Gages 


Gage 

No. 

Gage 

Type 

£ * 

^ X' 

£ * 
cy* 

lc 

Rosette 

-2334(-2327) 

1 322 ( 1337) 

Gage  out 

Ij 

- 1905( - 1917) 

1 141 ( 1173) 

174(  163) 

2. 

-2425( -2433) 

1 7 56 ( 1757) 

-158(- 145) 

3* 

-144(^-1468) 

629(  623) 

-220(-225) 

4. 

-2103(-2125) 

Gage  out 

Gage  out 

5. 

-1140(-1234) 

17 1 ( 223) 

Gage  out 

5» 

- 734(-  847) 

286(  224) 

- 14(-  13) 

6. 

-1958(-1968) 

969(  1010) 

84 ( 126) 

7* 

-2174( -2181 ) 

1258(  1248) 

- 17 (-  18) 

8* 

-1389(-1405) 

896(  883) 

61(  62) 

9o 

-19 39 (-19 30) 

802 ( 780) 

- 179 ( - 174 ) 

10o 

-1828(-1845) 

947 ( 926) 

-402(-401) 

U* 

-1841(-1823) 

Gage  out 

-394(-378) 

12* 

Rosette 

Gage  out 

547 

Gage  out 

Wing 

Lower  Cover 

Gages 

1. 

Rosette 

2066(  2080) 

Gage  out 

-126(-142) 

1*1 

1875(  1876) 

-1244(-1219) 

-155(-162) 

2. 

2 1 34 ( 2148) 

-1586(-1602) 

0(-  7) 

3o 

15 18 ( 1524) 

- 932(-  944) 

1 23 ( 121) 

4© 

1728(  1728) 

- 770(-  775) 

239(  232) 

5* 

1084(  1088) 

Gage  out 

145(  114) 

5i 

936(  987) 

- 199 ( 211) 

-210(-212 ) 

6* 

187 1 ( 1882) 

- 860( - 878) 

- 19 ( -35) 

7* 

Gage  out 

-1377(- 1383) 

104 ( 100) 

8© 

880(  892) 

- 972(-  973) 

- 196( - 198 ) 

9* 

1639 ( 1638) 

- 655(-  645) 

86(  63) 

lOo 

1740(  1734) 

- 898(-  897) 

293(  284) 

Ho 

1459 ( 1434) 

Gage  out 

Gage  out 

12* 

Rosette 

Gage  out 

- 960( - 960) 

682 ( 710) 

A 

Extrapolated  value 


* 1507.  limit  load  run  values  in  parenthesis 

0 - outer  skin 

1 - inner  skin 
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TABLE  C-3  (Concluded) 


COMPARISON  OF  WING  TEST  BOX  RECORDED  STRAINS  @ 100% 
LIMIT  LOAD 


Max.  vertical  landing  cond.  1007.  Lim.  Ld.  Run  & 


1 

1507.  Lim.  Ld.  run 

values 

Wing  Spar  Gages 

Gage 

Gage 

C * 

<-•  X* 

No. 

Type 

in/in. 

in. /in. 

in/ in. 

l 

13  aft  int.  spar 

Rosette 

-983(-983) 

Gage  Out 

- 329 ( - 352) 

14  aft  int.  spar 

-891(-918) 

759(758) 

-375(-378) 

15  fwd  spar 

329(  265) 

-141(-92) 

- 7 (-  27) 

16  rear  spar 

-141(-130) 

- 18(-26) 

98(  100) 

17  rear  spar 

Rosette 

-287(-283) 

Gage  Out 

165(  168) 

Wing  Rear  Spar  Cap  Gages 


Gage 

Gage 

No. 

Type 

in/in. 

18  U<f 

Axial 

— 1197(  — 1179) 

18  L0a 

16  33(  1655) 

19  U0 

- 1296(- 1412 ) 

19  L0 

1534(  1605) 

20  U0 

— 1977 (-2009 ) 

20  L0 

Axial 

1976 ( 1988) 

* 1507.  limit  load  run  values  in  parenthesis 
denotes  upper  cap  outer  surface 
° Lq  denotes  lower  cap  outer  surface 
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C - 5 - 2 Comparison  of  Predicted  and  Measured  Strains 

Comparisons  of  predicted  and  measured  strains  at  the  i507.  D.L.L.  level 
are  presented  in  Table  C-4.  Predicted  strain  values  are  calculated  from 
a NASTRAN  stress  analysis  of  the  composite  wing  box  test  section  which 
simulates  the  test  setup  restraint  conditions  as  noted  ir  Paragraph  C-2. 
The  basic  NASTRAN  model  utilizes  triangular  CTRIA  1 sandwich  plate  elements 
which  have  their  "X"  axis  oriented  normal  to  the  airplane  center  line  in 
the  inboard  portions  of  the  wing  box  as  shown  in  Figures  C-7  and  C-8. 

The  wing  cover  rosette  gages  are  located  with  the  "A"  legs  parallel 
to  the  rear  spar  which  is  swept  aft  at  a 28.35®  angle  with  respect 
to  an  axis  normal  to  the  airplane  center  line  as  shown  in  Figure  C-18. 

A 28.35®  rotation  of  the  NASTRAN  stresses  is  required  to  calculate 
strains  in  the  laminate  parallel  and  perpendicular  to  the  rear  spar 
axis  as  shown  in  Figure  C-25. 


Figure  C-25  NASTRAN  Stress  Axis  Rotation 
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TABLE  C-4 


COMPARISON  OF  RECORDED  AND  PREDICTED  STRAINS  AT  1507.  D.L.L. 


Max.  vertical  landing  cond. 


Ming  Upper  Cover  Gages 


Gage 

Gage 

£ * 

£ * 

£ * 

No . 

Type 

°x' 

x'y' 

y' 

la 

Rosette 

-3423(-3608) 

288(  451) 

1925(2340) 

-2791(-3136) 

3 3 1 ( 348) 

1715(2122) 

2# 

-3607(-4279) 

- 1 50 (-258) 

2622(2568) 

3a 

-2105(-2739) 

- 286 ( 333) 

891(1899) 

-3180(-3653) 

- 1 12 (-427  ) 

Gage  out 

5o 

-1761(-1851) 

Gage  out 

216(  529) 

5i 

6, 

- 1 149 (- 1417 ) 

- 10(  280) 

335(  608) 

-2817 ( - 3746 ) 

208(  211) 

1412(1721) 

7 0 

-3227(-3908) 

- 39 ( - 207  ) 

1797(2091) 

8a 

-2054(-2748) 

111(  85) 

1309(1699) 

9a 

-2768(-3169) 

— 2 3 1 ( — 29 1 ) 

1085(1444) 

10o 

-2645(-3263) 

- 5 30 (-315) 

1346(1688) 

11a 

-2650(-2500) 

-590(- 333) 

69 8 ( 907) 

12a 

Rosette 

-1559 ( - 933) 

-975(-930) 

782 ( 135) 

W ing 

Lower 

Cover 

Gages 

lo 

Rosette 

3003(  3413) 

-270(-637 ) 

Gage  Out 

U 

] 

2724(  3094) 

- 2 5 2 ( - 36) 

— 17 44 (-1712) 

2 « 

1 

31 55 ( 4025) 

- 4 1 ( 103) 

-2387 (-2754) 

3a 

2243(  2396) 

149 ( -525 ) 

-1408(-2060) 

2545(  2952) 

260(1421) 

-1209(-1867 ) 

5o 

1527 ( 1727) 

174( -255 ) 

- 68(-  310) 

5i 

1 37  3 ( 1257) 

-300(-353) 

- 2 6 1 ( - 499) 

6o 

2695(  3526) 

- 84 (—119) 

- 1287 ( - 1469 ) 

7a 

Gage  out 

1 1 5 ( 75) 

-2032 ( - 1954 ) 

® o 

1288(  1838) 

- 337 (-416) 

- 1429 (- 1409  ) 

9a 

2 3 1 6 ( 2872) 

9 1 ( 239) 

- 898(-1296) 

10a 

2476(  3029) 

387 ( 323) 

-1271(-1612) 

11a 

2042 ( 2329) 

Gage  out 

Gage  out 

12o 

Rosette 

Gage  out 

984(1151) 

- 1 39  5 ( - 301) 

*NASTRAN  Predicted  Values  in  parenthesis 

0 - outer  skin 

1 - inner  skin 
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TABLE  C-4  (Concluded) 

COMPARISON  OF  RECORDED  AND  PREDICTED  STRAINS  AT  1507. 

I- 

Max.  vertical  landing  cond. 


Wing  Spar  Gages 


Gage 

Gage 

f * 

<“-45° 

£ * 
^ 90° 

No. 

Type 

in/ in. 

in/in. 

13  aft  int.  spar 

Rosette 

Gage  out 

14  aft  int.  spar 

' 

-1235(-1321) 

-579(0) 

15  fwd.  spar 

39  2 ( 200) 

- 39(0) 

16  rear  spar 

f 

- 143( - 139) 

128(0) 

17  rear  spar 

Rosette 

- 453(-  416) 

238(0) 

Wing  Rear  Spar  Cap  Gages 

Gage 

Gage 

C * 
<-x' 

No. 

Type 

in/in. 

18  UA 

Axial 

- 1685( -2446) 

18 

i 

2284(  2488) 

19  U0 

-1923( -2820) 

19  L0 

J 

2254(  2821) 

20  U0 

1 

-2926( -3099) 

20  L0 

Axial 

3041(  3148) 

*NASTRAN  predicted  values  in  parenthesis 

^ Uq  denotes  upper 

cap  outer 

surface 

°L  denotes  lower 
0 

cap  outer 

surface 

D.L.L. 


£ * 

i“45° 

in/ in. 


1020(1321) 
-153(-200) 
- 1 12 ( 139) 
- 52 ( 416) 
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C-5-2  Comparison  of  Predicted  and  Measured  Strains  (Cont'd.) 

The  following  sample  calculations  are  shown  to  Illustrate  the  rotation 
of  NASTRAN  stresses  from  the  X-Y  reference  system  to  the  X'-Y'  reference 
system  at  upper  cover  rosette  gage  location  1q: 


fx  = -31, 312#/in 

f = -1140#/ln2 

y 

f = -7747  #/ In2 


xy 


f . 
y 


f + f ff 

_2 H + _2L 

2 


- f. 


Ref.  NASTRAN  Stresses 
© = 28.35°  (Ref.  Figure  C-25) 


COS  2 0 + f SIN  2 0 

xy 


■31,312-1140 


-30,984  #/ In . ' 


j~-31,312-H140j 


COS  56.7°  - 7747  SIN  56.7* 


f + f 

_x % _ 


r 


f - f 

x 1 I COS  2 0 - f SIN  2 0 

2 I xy 


-31,312-1140 

2 

-1468»/ln.2 


j~-31,312  + 


1140 


COS  56.7*  + 7747  SIN  56.7* 


fx'y' 


‘ • [^1 
^-31,312  + 1140j  SI|)  56- 


SIN  2 0 + f COS  2 0 
xy 


7°  - 7747  COS  56.7* 


8356#/ln.‘ 


* Ref.  MIL-HDBK- 17A  Pg.  3-17  (Mohr's  Circle  Rotation) 
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C-5-2  Comparison  of  Predicted  and  Measured  Strains  (Cont'd.) 

The  corresponding  strains  in  the  X'-Y'  reference  system  are  determined 
in  the  following  manners 


Material  Properties: 
Ex,  = 8.3  x 103 * * 6 *  #/ln.2 


E , = 3.8  x 106  #/ in . 2 

y 


G^,  * 3.85  x 106  #/ln.2 


Ax'y' 

4 


. , = .33 
y x 


I £ x ' + U y ' x 1 t y '"1 

1 ' f^x'y'  fiy'x'  L I J 


■30,984  = 


8.3  x 10 
1 - .73  (.33) 


[?*•  + £y] 


+ .33  £ v,  - -2835  x 10' 

x y 


V " 7 


-1468 


^ f/4xV£x'+£y'l 

Ax'y'/tyV  L J 

3-'8 *-S-10-6  [".73  £ , + £ .“1 

1-.73C.33)  L yJ 


1-.73C.33) 


£ + 1.37  £ , = -401.8  x 10' 


Solving  simultaneously 


£ , = -3608^/ in. /in. 


£ y,  = 2340 JJ.  in. /in. 

^ Ref.  Advanced  Composite  Design  Guide,  Vol.  IV,  Page  4.2.7 
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Comparison  of  Predicted  and  Measured  Strains  (Cont'd.) 


■■f 


f , , = G , , 
x1  y 1 x y 1 


8356  = 3.85  x 10 


[2^x'y-  <£x'+'V] 
[2  £*’y’ 


(-3608  + 2340)10 


-6 


<?x,y.  " in. /in. 


•f  Ref.  Advanced  Composite  Design  Guide,  Vol.  IV,  Page  4.2.7 

Strain  gages  at  location  (12)  (Reference  Figure  C-18)  have  their  "A"  legs 
oriented  parallel  to  the  front  spar  which  is  swept  forward  18.1°  from  an 
axis  parallel  to  the  rear  spar.  The  laminate  axial  moduli,  shear  modulus 
and  Poisson's  Ratios  for  this  strain  angle  were  determined  from  transfor- 
mation calculations  described  in  AFML-TR-78-33  dated  March  1978, 

The  comparison  of  measured  and  predicted  strains  presented  in  Table  C-4 
shows  reasonable  correlation  in  most  areas  of  the  test  box  structure. 

In  general,  the  calculated  strains  are  conservatively  higher  than  the 
measured  strains.  In  all  cases  the  biaxial  strain  patterns  of  the 
orthotropic  cover  skin  laminates  are  in  the  direction  and  proportion 
predicted  by  the  NASTRAN  analysis. 

Factors  which  may  contribute  to  differences  in  predicted  and  measured 
strains  include  the  following: 

. Bending  stiffness  of  spar  webs  was  not  included  in  the 
NASTRAN  model. 

. Skin  thickness  in  areas  of  tapering  laminate  thickness 
adjacent  to  the  centerline  rib  and  B.P.  33  rib  may  not 
be  accurately  represented. 

. Difficulty  in  calculating  the  strain  at  the  exact  gage 
locations  due  to  the  fact  that  the  NASTRAN  model  provides 
only  an  average  strain  in  each  cover  skin  element  and  the 
gradient  between  adjacent  elements  is  rather  steep  in 
some  cases. 

. Possible  variations  in  calculated  and  actual  modulus 
values  of  the  orthotropic  cover  skin  laminates. 

. Tolerance  in  the  accuracy  and  repeatability  of  strain 
gage  measurements. 

. Small  differences  in  test  load  application  versus  NASTRAN 
model  load  application. 
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C-5-2 


Comparison  of  Predicted  and  Measured  Strains  (Cont'd.) 


In  summary  it  may  be  stated  that  the  NASTRAN  analysis  provided  a 
conservative  representation  of  the  internal  stress  distribution 
and  accurately  identified  the  pattern  of  strain  distribution 
throughout  the  structure. 

C-5-3  Comparison  of  Predicted  and  Measured  Deflections 

Table  C-5  presents  a comparison  of  predicted  and  measured  deflections. 
The  measured  deflections  include  a correction  based  upon  an  approximate 
upbending  rotation  of  0.19°  at  the  root  of  the  forward  spar  as  measured 
by  deflection  transducers  (32)  and  (33)  . Bending  rotation  at  the  root 
of  the  rear  spar  was  too  erratic  to  be  utilized.  Excellent  agreement 
is  shown  between  all  the  measured  and  predicted  deflections  with  the 
measured  values  slightly  less  than  the  predicted  values. 


WING  TEST  BOX  VERTICAL  DEFLECTIONS 

Max.  Vertical  Landing  Cond. 

(Max  operational  loads  - * 

1507.  D.L.L.) 


' \3 


•Outb ’d . 


\iXXK 


\x 


/ x \X\  X v\a 

/f \ > V'\  A ) 

xiyxr  i\  s i7\  v\  x 

x(\  >X<  j\ArX/\  X / 

^x^\ir\x\x  , 

X V—'X  !\  V \X 

!\  !\  ! XlA\  V'  / 

\ \j  \' A l\ 

V \ \ \X  / 

\ \ \ \x 

\l  JsX^\ 


R.S.  STA.  79.54 


i\  X X 
\ x 


TABLE  C-5 

COMPARISON  OF  PREDICTED  AND  MEASURED  DEFLECTIONS  AT  1507.  D.L.L.  (IN.) 


Location 

Predicted* 

Meas . 

Location 

Predicted* 

Me  a 

1 

2.7 

2.64 

10 

1.16 

1.1 

2 

2.65 

2.49 

11 

1.05 

.9 

3 

2.56 

2.44 

12 

1.07 

.9 

4 

2.42 

2.25 

13 

.55 

.5 

5 

1.79 

1.78 

14 

.68 

.6 

6 

1.71 

1.70 

15 

.46 

.5' 

7 

1.58 

1.54 

16 

.61 

.4 

8 

1.69 

1.47 

17 

.07 

.0 

9 

.99 

1.03 

18 

.17 

.1' 

*Based  on 

NASTRAN 
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FATIGUE  LOAD  TEST 


C-6-I  Fatigue  Load  Spectrum 

A Landing  load  fatigue  test  spectrum  was  determined  for  the  composite  wing 
box  test  section  based  upon  the  V/STOL  landing  criteria  specified  for  the 
XFV-12A  prototype  aircraft.  This  criteria  is  defined  in  "NR-356  V/STOL 
Technology  Design  Criteria  Report"  (NR72H-330-2)  and  conforms  to  the 
requirements  of  MIL-A-8866.  Figure  C-26  presents  the  V/STOL  sink  speed 
probability  curve  for  the  XFV-12A  based  upon  a maximum  vertical  sink 
speed  of  15  feet  per  second. 

Table  C-6  presents  the  fatigue  test  load  distribution  to  be  applied  for 
each  1000  flight  hours  based  on  the  probability  distribution  of  Figure 
C-26. 


TABLE  C-6 

V/STOL  LANDING  LOAD  SPECTRUM 
FOR  EACH  1000  FLIGHT  HOURS 


Sink  Speed 

v In  n 

<FJS.c>  Pr°babmty  » ^0 


7.  Ult 

V 2 V 2 x 100 

v — v 

225 


15 

.001 

1 

1 

225 

100.00 

14 

.003 

3 

2 

196 

87.11 

13 

.012 

12 

9 

169 

75.11 

12 

.032 

32 

20 

144 

64.00 

11 

.085 

85 

53 

121 

53.78 

10 

.140 

140 

55 

100 

44.44 

9 

.250 

250 

110 

81 

36.00 

8 

.420 

420 

170 

64 

28.44 

7 

.600 

600 

180 

49 

21.78 

6 

.740 

740 

140 

36 

16.00 

5 

.870 

870 

130 

25 

11.11 

4 

.930 

930 

60 

16 

7.11 

3 

.980 

970 

40 

9 

4.00 

2 

1.000 

1000 

30 

4 

1.78 
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C-6-1 


This  spectrum  was  applied  twelve  times  to  the  composite  wing  box  test 
section  to  represent  two  lifetimes  of  service  based  upon  6000  flight 
hours  per  lifetime.  The  loading  spectrum  was  truncated  at  21.787. 
of  maximum  load  and  the  sequence  of  loading  progressed  from  21.787. 
to  1007.  of  maximum  load  in  each  of  the  twelve  blocks  of  loading. 

C-6-2  Fatigue  Load  Test  Results 


Two  lifetimes  of  the  fatigue  load  spectrum  of  Paragraph  C-6-1  were 
completed  on  20  September  1978.  There  was  no  evidence  of  damage  or 
permanent  deformation  in  the  composite  wing  box  test  section  as  a 
result  of  this  series  of  test  loadings.  Strain  gage  measurements 
taken  at  the  1007.  fatigue  test  load  level  were  essentially  identical 
to  those  recorded  during  the  static  test  loadings  at  the  max.  operational 
load  level  (1507.  D.L.L.). 


